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1
METHOD FOR PREPARATION OF
ANHYDROSUGAR ETHERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. Non-Provisional
application Ser. No. 12/410,016 filed on Mar. 24, 2009, which
is a 35 U.S.C. §371 national phase entry of international
Application No. PCT/US2009/038113 filed Mar. 24, 2009,
which claims priority to U.S. provisional patent application
Ser. No. 61/038,950 filed on Mar. 24. 2008, the entire contents
of'which are incorporated by reference herein by reference in
its entirety.

FIELD OF INVENTION

This application pertains to a method for the preparation of
anhydrosugar ethers by alkylation of anhydrosugar alcohols.
Inparticular, the application relates to a process for alkylation
of anhydrosugar alcohols using a solid phase basic catalyst.

BACKGROUND OF THE INVENTION

Natural products are a rapidly expanding field of study.
Thereis increased concern by skilled artisans over the use and
consumption of fossil-fuel based compounds. As a result, new
ways to utilize renewable products are being examined in
order to lower the environmental burden on the planet. 1,4:3,
6-dianhydrohexitols are considered biomass-derived sub-
stances, in that they are obtained from natural products. 1,4:
3,6-dianhydrohexitols are important starting materials and
intermediates in various organic synthetic reaction schemes
such as in the formation of numerous pharmaceutical com-
pounds, in food production, cosmetic production, plastic and
polymer production. One such class of derivatives of 1,4:3,
6-dianhydrohexitols are ether derivatives. Ether derivatives of
1,4:3,6-dianhydrohexitols, such as isosorbide dinitrate, are
useful as a medication to relieve the pain of angina attacks and
to reduce the frequency of such attacks by improving blood
flow to the heart. For example, U.S. Pat. No. 4,976,965 dis-
closes a medicinal composition comprising a mixture of isos-
orbide nitrates and dihydropyridines, and an alkylene glycol
ether.

Another important derivative is dimethyl isosorbide, which
is useful as industrial solvents and pharmaceutical additives,
as well as for use in personal care products. The structure of
dimethyl isosorbide is shown below:
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Isosorbide dimethyl ether

Dianhydrosugar ethers are prepared by reacting alkyl
halides and dialkylsulfates with an anhydrosugar such as
isosorbide and isomannide, a 1,4:3,6-dianhydrohexitol, in the
presence of a base or phase transfer catalysts such as tetra-n-
butylammonium bromide, benzyltriethyammonium bromide
or N-methyl-N,N-dioctyloctan-1-aminium chloride. How-
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ever, these processes require a highly pure anhydrosugar
starting material in order to achieve reasonable yields at to be
cost effective.

There is a need for a simple and cost effective process for
the production of very pure anhydrosugar ethers, at reason-
able yields, without having to use pure anhydrosugar alcohols
as the starting materials.

SUMMARY OF THE INVENTION

An object of this disclosure is to provide a method for the
alkylation of anhydrosugar alcohols to form dianhydrosugar
ethers using a solid phase catalyst.

In one embodiment of the present disclosure, the method
for alkylation of an anhydrosugar compound comprises a step
of reacting a dialkyl carbonate with an anhydrosugar com-
pound in the presence of a solid phase basic catalyst. The
anhydrosugar compound is typically selected from the group
consisting of an anhydrosugar alcohol, a dianhydromonoet-
her and mixtures thereof. In another embodiment, the alkyl
component of the diallyl carbonate comprises an alkyl group
having 1 to 10 carbon atoms. For example, the alkyl group is
one of methyl, ethyl, propyl and butyl. In another embodi-
ment of the present disclosure, the anhydrosugar compound is
isosorbide.

The reaction step of another embodiment of the present
disclosure uses zeolyte as the solid phase basic catalyst. In
one embodiment, the zeolite catalyst is a zeolite having
ammonium groups. In other embodiments of the present dis-
closure, the reaction is carried out at a temperature below
240° C. In addition, the reaction time is 2 hours or less.

Additional advantages and other features of the present
disclosure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from the practice of the disclosure. The
advantages of the disclosure may be realized and obtained as
particularly pointed out in the appended claims.

As will be realized, the present disclosure is capable of
other and different embodiments, and its several details are
capable of modifications in various obvious respects, all with-
out departing from the disclosure. Accordingly, the drawings
and description are to be regarded as illustrative in nature, and
not as restrictive.

DETAILED DESCRIPTION OF THE INVENTION

This disclosure is directed to a method for of alkylating
anhydrosugar alcohols using an alkyl carbonate as a starting
material. In particular, this invention is directed to the pro-
duction of dianhydrosugar ethers by reacting an anhydro-
sugar alcohol or ether with an alkyl carbonate in the presence
of a solid phase catalyst.

Typical anhydrosugar compounds suitable for use as start-
ing materials in the method of the invention include dianhy-
drosorbitol (also known as isosorbide) and or dianhydroman-
nitol (also known as isomannide) as well as other similar
compounds known in the art. Examples of dianhydromono-
ethers prepared in accordance with the invention include isos-
orbide monoalkyl ether and isomannide monoalkyl ether. The
anhydrosugar alcohols and dianhydromonoethers can be
mixed and used as starting materials. The preferred starting
material is isosorbide because it is readily available or easily
made from the dehydration of sorbitol. The dianhydrosugar
compound can be a crude reaction mixture containing isos-
orbide.
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The alkyl component of the alkyl carbonate is an alkyl
having 1 to 10 carbon atoms. Examples of the alkyl compo-
nent include methyl, ethyl, propyl and butyl. The preferred
alkyl carbonate is dimethyl carbonate.

The solid phase basic catalyst can be a zeolite catalyst or a
strong base. The zeolite catalyst is a strongly basic zeolite
catalyst bearing ammonium groups, but the catalyst may
include base modified clays, aluminas, resins and silica gels.
Representative examples of the zeolite catalyst include a
ZSM-5 type zeolite catalyst such as CBV8014, CBV3024E,
CBV2314, CBV5524E or CBV28014 from Zeoyst Interna-
tional, as well as ferrierite type catalysts such as CP914 and
CP914C. The base can be sodium hydroxide, lithium hydrox-
ide or lithium hydride. Generally, the stronger the base, the
greater the yield of the dialkyl anhydrosugar ether.

A typical reaction scheme showing the conversion of isos-
orbide to isosorbide dialkyl ether with an alkyl carbonate
reactant in the presence of zeolyte catalyst is shown below:

RO

HO, g q L 1
RO OR
i Zeolyte catalyst
H  on
Isosorbide Isosorbide
dialkyl
ether

The reaction of the invention has the advantage in that the
method can be carried out batchwise, semi-batchwise, con-
tinuously or semi-continuously. Thus, many reactors are suit-
able for use with the inventive method such as a slurry reactor,
a fixed-bed reactor, a loop reactor. For example, the method
may involve bubbling or feeding the dialkyl carbonate and
anhydrosugar compound through a bed of the solid phase
catalyst.

Another advantage of the invention is that the dialkyl car-
bonates react to give only volatile by-products, specifically
alcohol and carbon dioxide, thus eliminating the need to
employ filtration and extraction stages associated with con-
ventional alkylating agents such as dialkyl sulfates and alkyl
halides. The alcohol and carbon dioxide can be vented from
the reactor to provide for greater yield by forcing the reaction
to completion. Further, the dialkyl carbonates and solid phase
catalysts are more adaptable for use in a continuous alkylation
process and are not limited to batch processing only. The
method of the invention thus provides for an inexpensive and
environmentally friendly biproducts and catalyst.

Not to be held by theory, the reaction of an anhydrosugar
alcohol with alkyl carbonates in the presence of zeolyte
occurs with the zeolyte removing the alcoholic hydrogen to
create a negatively charged oxide. This oxide attacks the alkyl
carbonate carbonyl carbon in a nucleophilic attack to create a
negative charge on the carbonyl oxygen. The bonds then
rearrange, the alkyl group transferring to the anhydrosugar
oxygen thereby creating an ether, CO2 and an alcohol. A
reaction scheme is shown below:
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Isosorbide dialkyl ether

The invention has the further advantage that the solid phase
catalysts can be regenerated and recycled. Further, the reac-
tion mixture can be recycled until an adequate amount of the
dianhydrosugar ether is obtained. Thus, if the reaction fails to
go to completion, the dianhydrosugar alcohol, monether or
mixture thereof can be recycled and additional dialkyl car-
bonate added to the reaction mixture to continue to produce
the dianhydrosugar diether. This eliminates the task of sepa-
rating the unreacted starting material and intermediates such
as dianhydrosugar alcohol monoether and dianhydrosugar
monoether.

Another advantage of the method is that the reaction can be
carried out at lower termperatures (200° C. or less) and for
shorter reaction time (two hours or less) at atmospheric pres-
sure. Conventional methods of preparing dianhydrosorbitol
ethers using dialkyl carbonates require temperatures greater
than 240° C., high pressure (at least 4 MPa) and reaction times
that exceed 2 hours. Thus, the present invention provides for
much milder reaction conditions.

The present invention provides for easier isolation of prod-
ucts and separation of the catalyst from the reaction products.
The dianhydrosugar ethers products in accordance with the
invention may be further purified.

Thus, the present invention provides a simple, clean and
cost effective method of alkylating anhydrosugar com-
pounds. Pure dianhydrosugar ethers can be obtained using
dianhydrosugar alcohols contained in crude reactions mix-
tures as a starting material and it is not necessary to use pure
dianhydrosugar alcohols as starting materials. Thus, the
invention eliminates the task of obtaining a pure anhydro-
sugar alcohol for use as the source starting material.

The present disclosure can be practiced by employing con-
ventional materials, methodology and equipment. Accord-
ingly, the details of such materials, equipment and method-
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ology are not set forth herein in detail. In the previous
descriptions, numerous specific details are set forth, such as
specific materials, structures, chemicals, processes, etc., in
order to provide a thorough understanding of the disclosure.
However, it should be recognized that the present disclosure
can be practiced without resorting to the details specifically
set forth. In other instances, well known processing structures
have not been described in detail, in order not to unnecessarily
obscure the present disclosure.

Only a few examples of the present disclosure are shown
and described herein. It is to be understood that the disclosure
is capable of use in various other combinations and environ-
ments and is capable of changes or modifications within the
scope of the inventive concepts as expressed herein.

EXAMPLE

The following example illustrates a specific embodiment
of'the invention, but it is not to be considered as limiting the
invention in any manner.

Isosorbide (30.24 g), CBV8014 zeolite (30 g) and dimethyl
carbonate (300 mL) were placed in a one liter high tempera-
ture reactor (an Autoclave Engineers) and heated to 200° C.
for two hours. The reaction produced both dimethylisosor-
bide and monomethyl isosorbide.

While this invention has been described with reference to
several preferred embodiments, it is contemplated that vari-
ous alterations and modifications thereof will become appar-
ent to those skilled in the art upon a reading of the preceding
detailed description, it is therefore intended that the following
appended claims be interpreted as including all such alter-
ations and modifications as fall within the true spirit and
scope of this invention.

What is claimed is:

1. A method for alkylation of a 1,4:3,6-dianhydrohexitol
comprising the steps of reacting a dialkyl carbonate with a
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starting 1,4:3,6-dianhydrohexitol selected from the group
consisting of sorbitol, mannitol, iditol, and mixtures thereof,
in the presence of a solid phase basic zeolite catalyst to form
a product mixture comprising at least one of a monoalkyl- or
dialkyl-ether of the 1,4:3,6-dianhydrohexitol.

2. The method of claim 1, wherein the alkyl component of
the dialkyl carbonate comprises an alkyl group having 1 to 10
carbon atoms.

3. The method of claim 2, wherein the alkyl group is
selected from the group consisting of methyl, ethyl, propyl,
butyl and combinations of any thereof.

4. The method of claim 3, wherein the alkyl group is
methyl.

5. The method of claim 1 wherein the zeolite catalyst is a
zeolite having ammonium groups.

6. The method of claim 1 wherein the reaction is carried out
at a temperature below 240° C.

7. The method of claim 5 wherein the reaction is carried out
at a temperature below 240° C.

8. The method of claim 1 wherein the reaction is carried out
at a temperature below 240° C. and the reaction time is 2
hours or less.

9. The method of claim 5 wherein the reaction is carried out
at a temperature below 240° C. and the reaction time is 2
hours or less.

10. The method of claim 1, wherein the product mixture
contains unreacted 1,4:3,6-dianhydrohexitol, and the product
mixture is recycled to the solid phase basic zeolite catalyst in
the presence of the dialkyl carbonate.

11. The method of claim 10, wherein recycling the unre-
acted starting 1,4:3,6-dianhydrohexitol results in a reduced
amount of unreacted 1,4:3,6-dianhydrohexitol and an
increased amount of the monoalkyl- or dialkyl-ether.
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